We introduce a paradigm shift in light confinement strategy and show that light can be confined below the diffraction limit using completely transparent artificial media (metamaterials with 1 ij
n n > as a condition for total internal reflection of TM polarized light moving from medium 1 to 2 ( fig. 1.a) . Here, we argue that the above is a sufficient but not necessary condition and the requirement can be relaxed to 1 x n ε > . ii) Transforming optical momentum: In conventional TIR, the evanescent wave penetrates considerably into medium 2. However, for relaxed-TIR, the evanescent wave decay constant in medium 2 is given by ( ) 2 || 2 0 ( )
. The penetration depth of evanescent fields into the second medium is thus governed by the ratio of permittivity components / z x ε ε . We thus arrive at the condition 1 z ε >> to increase the momentum of evanescent waves i.e. make them decay faster confining them very close to the interface (fg. 1.b). We now show these momentum transformations can be used for sub-diffraction confinement of light without metallic plasmons. As the core size of a conventional slab waveguide is decreased, most of the power of fundamental modes lies outside the core and decays very slowly in air (cladding). However, once the cladding is made anisotropic, the mode length achieves subdiffraction values (fig 1.c) . We plot the role of the component of the dielectric tensor ( z ε ) which is responsible for confining the evanescent waves (fig 1.c inset) . The increase of this constant helps to compress the evanescent waves in the cladding decreasing the mode length below the diffraction limit when the index crosses ). The cladding has to be anisotropic to allow for the lowest-order mode (HE 11 ) to travel inside the glass core and bounce off by total internal reflection but simultaneously decay away rapidly causing sub-diffraction confinement of the mode (Fig 2.c) . The set of non-magnetic media which can cause the momentum transformation are anisotropic homogenous dielectric materials with 1 x y glass ε ε ε < = < and 1 z ε >> . In conclusion we have introduced a paradigm shift in light confinement strategy which rests on transforming the momentum of evanescent waves. Our transformations can be achieved by all-dielectric media fundamentally overcoming the foremost challenge in the field of plasmonics and metamaterials: optical absorption. waveguides and transformed cladding waveguides. It is seen that the anisotropic cladding improves the cross-talk by an order of magnitude and the practical multilayer structure result is in excellent agreement with the effectively anisotropic cladding. The core is silicon with a center to center separation of 0.5λ between waveguides. Each slot-waveguide has the same net size as the core of the other waveguides, the slot size is 0.01λ and is filled with glass. If the slot size is larger or the slot index is lower, the cross talk performance is worse than that shown above. Also note that the slot waveguide cross-talk is in fact always more than the conventional waveguide. (c) Simulated distribution of the electric energy density inside a low-index 2D dielectric waveguide with arbitrary cross section with and without metamaterial claddings ( the fraction of power inside the core to the total power is increased from less than 1% to about 36%.
